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This paper presents the results of experiments conducted on the fertility, 
germination, tube growth and stora,ge of pollen grains of five grape cultivars. At­
tempts were made to explore the possibility of using various chemicals to stimulate 
the ,germination and tube ,growth of fresh and stored pollen ,grains. It is hoped that 
these studies would tbe useful i� the ,gl1ape hybridizabion pro.gramme now in progress 
at different gr.ape research centres in the country. 
Materials and Methods 
Three cultivars of Vitis vinifera L. (Pearl of Csaba, Pusa Seedless and Bhokri) 
and two lhyibrids of V. vinifera X V. labrusca (Bangalor,e Blue and Go!den >Queen) 
were used for the present •investigations. Four chemicals: boric •acid, indole-3-acetic 
acid {IAA), indole-3-hutyric acid (IBA) and ,gibberellic acid {GA) were used to study 
their effect on pollen germination and pollen tube growth. 
Acetocarmine staining test was used to determine pollen fertility. 'Dhe plump 
and well stained pollen ,grains were classed as fertile and ,shrivelled unstained as 
sterile. ,Fertility percentage of the pollen grains was worked out o,f random fields 
in each slide. Germination test was conducted by han,ging drop techniques using a 
wide range of ,sucrose ,solutions (10, 15, 20 and 30%). The highest pollen germination 
in diff.erent grape cultiv.ars was in 20 per cent sucrose ,solution {Fig. 2 a), •and further 
increase in sucrose concentration resulted in significant reduction in pollen germina­
tion. Thus opt�mum basal medium was found to be 20 per cent sucmse. Solutions 
of GA, IAA, IBA and iboric acid were, therefore, prepared in 20 per cent sucrose 
solution. Germination tests were conducted at a temperature of 27-28° C with two 
replications. Preliminary o'bservations, after various periods of incubation, showed 
that most of the pollen •germinated after 12 hours at 27-28° C. Therefore, observ,a­
tions on ,genmination were taken ,after 12 hours of incubation. The percentage of 
pollen germination was obtained from ten fieLds in each slide taking approximately 
300 to 500 pollen ,grains. Fifty pollen tubes were measured, at random, by ocular 
micrometer •and tube length recorided in microns. 
Pollen grains were stored at three combinations of temperature and relative 
humidity (R.H.), viz., 25 to 29° C (room temperaturie), 4-5 ° C, -12 to -10° C and 
0, 25, 50 per cent R.H. 'Dhe humidity was maintained in desicators 1by a mixture of 
sulphuric ,add and water (WILSON 1921). Anthers were collected in petri-d-ishes and 
allowed to dehisce in the la'boratory. The whol-e pollen sample was divided equally 
into required number of small lots; transf,err,ed to small glass vials which were 
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Fig. 1: Effect of GA, IAA, IBA and boric acid on pollen germin:ition in grapes after
12 hours incubation at 27 to 2so C. 
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Tabl e 1 
Pollen fertility of grape cultivars as measured by acetocarmine stain test. 
Variety No. of grains No. of 0/o of fertile observed fertile grains pollen grains 
Pearl of Csaba 655 600 91.60 
Purn Seedless 603 583 96.e8
Bhokri 729 693 95.05
Bangalore Blue 600 167 27.83
Golden Queen 304 86 28.28
loosely closed wi'th cotton plugs and kept at the above mentioned temperature and 
relative humidity combinations. 
Tlhe first viability test of the stored pollen was done after 15 days .and later on 
at interv,als of one, four, eight, and twelve months. Viaibili-ty was tested by germinat­
ing the pollen grains in vitro fa the standar,dized basal medium of 20 per cent 
sucrose solution. Since, boric acid, in the first experiment, stimu1ated germination 
,and pollen tube ,growth considerably, it wa•s decided to test the viability of stored 
pollen grain with boric acid (5, 10, 20 ppm) added fo the basal med<ium. 
Results 
Pollen .fertility 
All the five grape oultivars used in this study had perfect flowers. The highest 
pollen fertility was in Pusa Seedless (96.68%) followed by Bhokri (95.05%). But, in 
Bangalore Blue ,anrd Gol,den 1Queen (V. vinifera X V. Labrusca), majority of pollen 
grains were shrunken ,and the pollen fertility was considerably less than the other 
varieties (Table 1). 
Pollen germination 
Significantly higher pollen germination was obtained with boric actd when 
compared to GA, !AA and IBA treatments and control. !AA arnd GA significantly 
reduced the pollen germination over the control except in Bangalore Blue and 
Golden Queen where 5 and 10 ppm I.AA and GA showed •slig,ht increase in pollen 
a b C 
• • • '·-
Fig. 2: (a) Pollen germination in Pusa Seedless in 20 per cent surcrosc solution (control), 
(b) pollen germination in Pusa Seedless treated with 10 ppm boric acid, showing the
increased germination and (c) pollen germination in Pusa Seedless, treated with 5 ppm
GA showing decreased germination but increased tube growth. 
272 RAJ D. BAMZAI and G. S. RANDHAWA 
• 
" . • 
•• 
a 0 C 
Fig. 3: (a) Pollen germination in Pusa Seedless after 8 months storage at -120 to -100 C 
with 25 per cent R.H., without boric acid treatment (control), (b) pollen germination in 
Pusa Seedless after 12 months storage at -120 to -100 C with 25 per cent R. H. and 
treated with 10 ppm boric acid and (c) pollen germination in Pearl of Csaba after 4 
months storage at -12° to -100 C with per cent R.H. and treated with 10 ppm boric 
acid. 
germination over control. Ja•hokri exhibited the htghest pollen germination followed 
by Pusa Seedless and Pearl of Csaba. 'I'he lowest pollen germination was observed 
in Golden •Queen and Baniga1ore Blue. The response of ,griape 0ultivars to different 
concentrations of growth su<bS'tanc-es and boric acid vari,ed consider.ably. But, in 
general, the lower concentrations (5 and 10 ppm) significantly increased the germina­
tion percentage (Figs. 1 and 2 b). 
Table 2 
Effect of growth substances on pollen tube growth (in microns). 
Growth 
Subs1ances 
GA 
IAA 
IBA 
Boric acid 
Control 
V. L. - very long.
Concen-
tration 
(ppm) 
5 
10 
20 
30 
5 
10 
20 
30 
5 
10 
20 
30 
5 
10 
20 
30 
200/o 
Sucrose 
Pearl of 
Csaba 
882 
1091 
V.L. 
538 
753
819 
613 
318 
572
794
964
282
1083 
V.L.
946 
402
551 
Varieties 
Pusa Bangalore 
Seedless Bhokri Blue 
1337 V.L. 422 
V.L. 1176 487 
1105 909 401 
411 361 406 
983 787 339 
1007 871 372 
784 715 302 
543 464 205 
1200 V.L. 378 
1266 V.L. 479 
1316 1275 424 
481 517 222 
V.L. V.L. 567 
V.L. V.L. 562 
1181 1357 463 
537 702 310 
522 609 345 
Golcien 
Queen 
462 
543 
434 
354 
411 
406 
410 
280 
491 
536 
549 
374 
593 
644 
532 
435 
432 
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Pollen tube growth 
There was cons:dera'ble influence of .growth substances and 'boric acid on the 
pollen ·tube elongation. Although, GA and IAA retar:ded the pollen germination, 
tube ,growth was mor:e than in control (Fi,g. 2 c). Boric acid produced very long pollen 
tUJbes at 5, 10 and 20 ppm which was followed by GA, IBA and IAA treatments. 
However. all the growth substances and boric ac1d at 30 ppm ·showed less pollen tube 
growth than control in all the grape cultivars, ,except Pusa Seedles,s where 30 ppm 
boric acid and IAA showed marginal increase over the control (Table 2). 
Table 3 
Percentage viability of Pusa Seedless pollen stored at different temperatures and 
relative humidity combinations. 
Temperature -12 to -10' C 4 to 50 C 
Rom temperature 
(27"' C-280 C) 
Humidity 00/o 250/o 500/o 00/o 250/o 500/o QO/o 250/o 500/o 
Boric 
Storage acid 
Period 
(ppm) 
15 days 0 59.92 60.47 52.26 57.11 60.10 41.06 7.61 4.70 0 
5 72.00 72.02 67.35 68.29 70.43 66.17 18.00 12.10 5.13 
10 72.56 75.21 63.81 70.47 74.14 66.79 15.10 lU:6 5.92 
20 71.00 73.23 65.10 62.24 71.25 50.32 7.84 6.30 1.28 
Pollen fertility at 4° C to 8° C with 250/o R. H.: 95.890/o 
1 month 0 27.81 36.13 0 19.95 23.34 9.13 0 0 0 
5 64.24 64.53 22.00 47.73 63.15 28.90 0 0 0 
10 69.38 71.76 26.45 61.12 70.42 29.06 1.96 0 0 
20 43.10 48.95 8.77 34.16 52.29 17.11 0 0 0 
Pollen fertility at 4° C to 8° C with 250/o R. H.: 95.020/o 
----
4 months 0 15.26 20.44 0 11.73 17.00 1.89 0 0 0 
5 41.24 50.24 10.91 40.23 45.92 22.00 0 0 0 
10 56.17 66.29 15.36 49.62 60.10 22.14 0 0 0 
20 32.09 32.70 2.65 25.21 29.54 8.33 0 0 0 
Pollen fertility at 4° C to 8° C with 250/o R. H.: 92.190/o 
8 months 0 7.72 8.15 0 6.15 6.67 0 0 0 0 
5 33.85 36.60 3.57 31.19 33.28 9.25 0 0 0 
10 42.18 48.32 4.14 37.00 42.61 12.03 0 0 0 
20 26.12 29.46 0 17.37 18.19 2.79 0 0 0 
Pollen fertility at 4° C to 8° C with 250/o R. H.: 92.000/o 
---
12 months 0 0 0 0 0 0 0 0 0 0 
5 17.36 24.53 0 16.74 18.90 0 0 0 0 
10 22.00 30.68 0 19.35 7.87 0 0 0 0 
20 10.43 13.29 0 4.12 5.59 0 0 0 0 
Pollen fertility at 4° C to 8° C with 250/o R.H.: 69.570/o 
20 per cent sucrose solution was the basal medium for boric acid concentrations. 
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Pollen storage 
Pollen grains of Pusa Seedless were stored on April 2, 1963 at different tempera­
tures and relative humidity conditionrs. The viability tests were carried out after 
15 days, 1 mon�h, 4 months and 12 months, by in vitro germination test using 20 per 
cent sucrose !Solution ,as basal medium. Due to the limited material available in 
Pearl of Csaba, the pollen could be •stored only for four months starting from March 
23, 1964. 
After 12 months storage at -12 to -10° C and 25 per cent R.H. Pusa Seedless 
pollen retained considerable vi.ability (30.68%), (Fig. 3 b). However, at 4 to 5° C there 
was loss of via'bi1ity rafter 12 months when compared to storiage at -12 to -10° C at 
the ·same R.H. (25 %). At room temperature, (25 to 29° C), pollen grains were viable 
only for ,a period of 6 to 7 days (Talble 3). The addition of boric acid to the basal 
medium significantly increased pollen viability of Pus,a Seedles and Pearl of Csa:ba 
throughout the storage period (Tables 3 and 4). 
Pollen gra�ns of Pearl of Osaba eX'hibited a similar trend ,as ·that of Pusa Seedles,s. 
Thus, after four months of storage at -12 to -10° C and 25 per cent R.H. the pollen 
viability was 40.52 per cent when 10 ppm boric acid was added to the basal medium 
(Table 4; Fig. 3 c). 
Fertility, as me,asur,ed by acetocarmine staining, did not show any difference 
even after 12 months •stom,ge. Fertility percentage recorded after 8 months of storage 
at 4 to 8° C was 92 per cent (Table 3). In Pearl of Csa·ba, the pollen fertility observed 
was 86.81 per cent after 4 months of storage (Table 4). 
Table 4 
Perc�nt::ige viability of Pearl of Csaba stored at different temper:itures and relative 
humidity combinations. 
Tomperature -12oc to -1oac 40c to ao c Room Temperature 
Humidity 00/o 250/o 00/o 250/o 00/o 250/o 
Storage Boric acid 
Period (ppm) 
15 days 0 70.21 70.59 45.69 51.24 0 0 
5 72.14 75.15 63.73 71.10 9.38 9.00 
10 74.32 76.12 64.35 71.42 12.15 10.28 
20 68.48 73.00 59.26 67.60 5.00 0 
Pollen fertility at 4° C to 8° C with 25 0/o R. H.: 91.000/o 
1 month 0 61.27 62.02 20.89 27.22 0 0 
5 66.25 66.38 48.13 49.45 0 0 
10 65.83 69.47 50.29 53.96 0 0 
20 57.79 64.18 36.75 41.34 0 0 
Pollen fertility at 4° C to 8° C with 250/o R.H.: 90.750/o 
4 months 0 10.90 13.69 4.79 5.87 0 0 
5 29.10 29.77 18.84 22.27 0 0 
10 33.07 40.52 26.65 32.00 0 0 
20 24.15 28.23 11.47 12.59 0 0 
Pollen fertility at 4° C to 8° C with 250/o R.H.: 86.81 0/o 
20 per cent sucrose solution was the basal medium for boric acid concentrations 
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Discussion 
The highest pollen fertility was observed in Pusa Seedless {96.68%) and Bhokri 
(93.05�:) and trhe lowest in Bangalore Blue (27.85%), probably !because of its hybrid 
nature. These findin�s are in ,accord with those of RANDHAWA and SHARMA (1960). 
Boric acid has shown pronounced stimulatory effects on pollen germination and 
pollen trube growth. The highest pollen germination and longer pollen tubes were 
dbtained at the Iower concentrations of boric ,acid {5, 10 and 20 ppm) but it had in­
hibitory effects at 30 ppm. Accoriding to V1ssER (1955), pollen grains of certain species 
require as much as 1200 ppm of boric aci:d for best pollen germination and tube 
growth. 
Many theories have been postulated for the shmulatory effects of the boric acid 
on pollen germination and turbe ,growth. GRAt:CH and DUGGAR (1953) proposed that the 
borate ions are as,sociated with the cellular membrances where they react chemically 
wit!h the su�ar molecule facilifating it.s passage as the iol1'ize:d sugar-bor,ate complex 
through the membmne and that the sugar is freed insi:de the cell rby a second reac­
tion. Accor,ding to Tupy (1960), rboron ,encourages ·sucrose aJbsorption in proport:on to 
the stimulation of pollen ·tube growt!h. It is, therefore, possible that the stimulatory 
effect of boron on growth is connected with carbohydmte metabolirsm. The po·ssible 
use of the boron spray during the rbloom period for increasing fmit 'set has been 
reported rby THOMPSON and BATJER 1(1950) in Anjou pear and they attributed it partially 
due to the stimulatory effect of !boron on pollen germination and tube growth. 
GARTEL (1952) indicated that fruit set in Vitis spp. is dependent upon the presence of 
adequate quantity of boron on the ·stigmatic surface which J\avours 11lhe pollen 
germination and tube growth. The present ,studies show the poss}bility o,f using boron 
·sprays for 1improvinrg fruit set in some of the grape varietie,s wlhere the set is
generally low. 
'Dhe addition of IBA (5 and 10 ppm) to the basal medium alrso increased the pol­
len germination and tube growth in all the grape varieties. Pusa Seedles,s and Bhokri 
responded most to IBA as compared to other three varieties. The length of the pollen 
tube in Pusa Seedless increased approxim1tely two and half times more than in 
control. 
AHlhough, pollen germination was inhibited 'by IAA treatmentrs, there was an 
appreciable increase in the length of pollen tubes in Pearl of Csaba, Pusa Seedless 
and Bhokri at 5, 10 and 20 ppm. KoNAR (1958) cultured Pinus roxburghii pollen grains 
in IAA medium and obtained 80 per cent ,germination with lonrger pollen tubes. It is 
possirble that IAA can rstimulate the pollen germination anrd tube growth specifically 
of only certain species or varieties. 
The percentage of pollen germination in all the grape cultivars gradually de­
creased witrh Vhe increasing concentration of GA. Similar findings were reported by 
WEAVER and McCUNE (1960) in grapes and S1NG11 and RANDHAWA (1961) in mandarins. 
But, DauRtA a.nrd RANDHAHA (1963) reporte,d that GA stimulated pollen germination 
in Marsh Seeded grapefruit, wherea•s, in Sweet lime it hard an inhibitory effect. 
KATO (1955) obtained increased pollen germination in Li!ium and Petunia by GA 
treatments. This shows the specificity of GA action in ,different species with respect 
to pollen germination. Since GA stimulated pollen tube growth in several species it 
can be used to overcome certain physiological incompatibilities in certain clones of 
tree fruits. 
Pollen ,grains of Pusa See,dless and Pearl of Csaba were stored under different 
combinations of temperature ,and humidity to find out the optimum combination for 
prolonging their viarbility. The pollen vsirability in Pusa Seedless after 12 months 
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storage .at -12° to -10° C and 25 per cent re1'ative humidity was 30.68 per cent. This 
can facilitate crosses between Pearl of Csaba {9) wi"bh Bus·a Seedless (o) which 
otherwise is not possible because Pearl of Csaba flowers 15 days earlier tfrlan Pusa 
Seedless under DeJ,hi conditions. After 15 days of stora,ge at -12° to -10° C and 
25 per cent R.H. pollen grains of Pearl of Csaba showed as much as 70.59 per cent 
viability as compared to 51.24 per cent ,at 4° to 8° C temperature and 25 per cent R.H. 
However, comparing the R.H. percentag,es, pollen viability at zero per cent was 
considerably higher than 50 per cent R.H. and not much different from those stored 
at 25 per cent. Thus H appears that with controlled temperature alone, it iis possible 
to store pollen grains for a year or so. GXRTEL et aL {1953) .also found that grape pol­
len can be stor,ed for one ye,ar by controlling the tempera·ture alone. Furbher, NEBEi. 
and RuTTLE (1937) and GoLLMrCK (1942) could store grape pollen for one year at even 
a compamtively hiigher temperature of 8° to 10° C and 45 per cent R.H. However, 
in contrast to their findings in the present study, no viable pollens were found after 
12 months storage with 50 per cent R.H. even at a lower temper.ature of 4o to 8° C 
(Table 3). 
'J\he present 1work has revealed that germination percentage of the stored pollen 
can be increased lby boric acid treatment. This suggests that it is possible to increase 
the fruit set by boric acid ,sprays soon after crosses are made wi·l:h stored pollen 
grains. 
Summary 
Investigations on the ,effects of growth substances (GA, IAA and IBA) and boric 
acid on ,grape pollen have shown that maximum germination and tube growth was 
obtained rwith boric acid at lower concentrations (5, 10 and 20 ppm) as compared to 
GA, IAA, IBA and control. Although GA showed lesser pollen germination, pollen 
tube growth was enhanced at 5, 10 and 20 ppm in the grape cultivars under study. 
Pollen grains of Pusa Seedless were stored for 12 months and Pearl of Cs,aba for 
four months at different combinations of temperature and ihumi•dity. The pollen 
viability wa,s highest when sfored at -12° fo -10° C wi·th 25 per cent R.H. which 
was followed by 4° to 8° C ,and 25 per cent R.H. The pollen germination increased 
throughout the storage period by >boric acid at 5, 10 and 20 ppm. 
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